The abelian form of the first class constraints of SU(N) Yang-Mills theory in D = 3 + 1 is obtained by perturbation. Considering the abelian constraints, we show that Coulomb gauge does not lead to Gribov ambiguity.
It is well known that SU(N) Yang-Mills theory is a constraint system possessing non-abelian first class constraints φ a ,
in which, f abc are the structure coefficients of SU(N) algebra, Π a 's are momenta conjugate to gauge fields A a 's, 
and g is the coupling constant of the gauge field self interaction [1, 2] . The constraints φ a 's (1) form a representation of SU(N) algebra, i.e.
where g 1 and g 2 are smooth real functions and φ g a = x g(x)φ a (x). In 1978, Gribov showed that Coulomb gauge ∇. A a = 0 is insufficient to fix the gauge freedom of the action generated by nonabelian constraints φ a 's (1) . He observed that for SU(2) Yang-Mills theory there exist at least two points on the gauge orbit that satisfy Coulomb gauge [3] . This effect is in general called Gribov ambiguity and became a serious drawback for the quantization of Yang-Mills theory.
Gribov ambiguities can be remedied in the following three ways:
1. Considering proper gauge fixing condition like the axial gauge A 3 a = 0, that does not lead to Gribov ambiguity [4] , 2. Applying quantization approaches in which there is no need to do gauge fixing [5] , 3. Using the celebrated BRST-BFV approach [6, 7] where one considers BRS transformation instead of gauge transformation. For a review see reference [2] .
One may add another approach to the above list which we discuss here.
It is proved that non-abelian constraints become abelian if one maps each constraint to the surface of the other ones [8] . To be explicit, consider two independent constraints φ and ψ which satisfy the following algebra:
where C and D are some functions of phase space coordinates. One can show that the constraints φ ′ = φ| (ψ=0) and ψ ′ = ψ| (φ=0) are equivalent to φ and ψ and commute with each other, i.e.
The non-abelian constraints φ a 's (1) can be made abelian in a similar way. Using the Helmholtz theorem in vector analysis [9] , one can write the vector Π a as,
up to some surface terms. Inserting Π a from Eq. (6) into Eq. (1), one can obtain a set of new constraints, say φ 1 a 's, equivalent to φ a 's (1), defined as follows,
where
One should note that to obtain the second equality we have considered φ a = 0 (1). It can be
Inserting Π a from Eq. (6) into Eq. (7) and using Eq.(1) again, one obtains φ 2 a 's, a new set of constraints equivalent to φ a 's, which satisfy the following algebra
At N th step, one finds φ N a 's,
and
in which
Since
, (see Eqs. (4,5)). In this way, non-abelian constraints φ a 's (1), can be made abelian by perturbation. The generator of gauge transformation is
where ǫ a (x) is some infinitesimal real smooth function. Since {∇. A a (x), ∇ × Π b (y)} = 0, one verifies that
for arbitrary N . We conclude that Coulomb gauge intersects the gauge orbit only once as is the case in QED. Therefore, Coulomb gauge does not lead to Gribov ambiguity. Of course some non-perturbative effects may emerge that should be added to the other non-perturbative effects in quantization of the theory.
It is interesting to calculate Ward identities corresponding to the gauge transformation generated by G N ǫ (15). In this way one can compare Dirac quantization [10] by BRST quantization and verify their equivalence explicitly.
